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(54) Antenna coupler and arrangement for coupling a radio telecommunication device to external 
apparatuses 



(57) An antenna coupler (400. 500, 802) is provided 
for coupling a radio telecommunication device (301) 
with an integral planar antenna to an external device 
(801 ). The integral planar antenna of the radio telecom- 
munication device comprises a first planar conductive 
antenna element (306). The antenna coupler comprises 



a second planar conductive antenna element (401 , 501 ) 
which is essentially similar to the first planar conductive 
antenna element, a first conductive ground plane (403) 
parallel to said second planar conductive antenna ele- 
ment and transmission means (404) for conducting a ra- 
dio frequency signal between said second planar con- 
ductive antenna element and the extemal device. 
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1 EPOl 

Description 

[0001] The invention concerns generally the technol- 
ogy of coupling a radio telecommunication device to 
some external apparatus like an external antenna or a 
testing arrangement. Especially the invention concerns 
solutions with non -galvanic coupling to the radio tele- 
communication device. A portable radio telephone or a 
mobile telephone is used as an examplary radio tele- 
communication device, but the invention is equally ap- 
plicable \n connection with other kincis of radio telecom- 
munication devices like pagers, portable data terminals, 
positioning devices and so on. 

[0002] Arranging communication connections be- 
tween a radio telecommunication device and the exter- 
nal world necessitates in the former an antenna for re- 
ceiving and transmitting electromagnetic radiation at a 
predetermined frequency band. In mobile telephone 
systems the telephone communicates through its anten- 
na with a base station located somewhere at a maxi- 
mum distance of some tens of kilometres from the tele- 
phone. However, in some situations it is preferable to 
temporarily arrange the communication connections of 
the radio telephone differently. Typical such cases are 
the use of the radio telephone together with a veh icie kit 
including an external antenna, coupling the radio tele- 
phone to some other kind of booster kit for establishing 
a wider coverage area, or coupling the radiotelephone 
toe testing arrangement for measuring its performance 
either at the production line or during service. 
[0003] A widely accepted solution for the above-men- 
tioned special occasions is to have a galvanically cou- 
pled pair of radio frequency connectors, of which one Is 
located in the telephone and the other is at the end of a 
coaxial cable or similar coupling means for conducting 
the radio frequency signal to the external equipment. 
Building a radio frequency connector Into a radio tele- 
phone reserves space from Inside the device and in- 
creases manufacturing costs, which are serious draw- 
backs because the industry is continuously striving to 
make especially handportable mobile telephones small- 
er and cheaper There is also a danger of the galvanic 
connectors becoming dirty, corroded and/or misaligned 
even in the course of normal use, which weakens the 
quality of the achieved connection. 
[0004] The European published patent application 
number BP 0 399 975 discloses a solution for coupling 
a mobile telephone to the cable of an external antenna 
with no galvanic connections. The solution Is based on 
a pair of capacitive plates, one of which is located Inside 
the dielectric cover of a mobile telephone and the other 
in a holder for holding the mobile telephone during use 
inside a car When the mobile telephone is In Its holder, 
the capacitive plates come near each other In a parallel 
configuration and form a coupling capacitor for the radio 
frequency signal to pass through. A separate switch Is 
used to couple either the internal antenna or the capac- 
itive plate to the transmit and receive ports of the trans- 
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ceiver in the mobile telephone. The performance char- 
acteristics of this solution are not very good, and the 
switch takes also space from Inside the mobile tele- 
phone and increases manufacturing costs. 

5 [0005] From the British published patent application 
number GB 2 266 997 there is known a structure like 
the one in Fig. 1. The mobile telephone 101 comprises 
a protruding antenna 102 and a dielectric outer cover 
103. A cable 104 to an external antenna (not shown) 

10 comprises at its one end a coupler 105 which can be 
"fastened to the outer cover of the mobile telephone by — 
means of a Velcro tape or other disconnectable fasten- 
ing means. A resonator 106 is located inside the coupler 
105. When the coupler is connected to the mobile tele- 

is phone, the resonator 106 lies within the electromagnetic 
field of the antenna.102 and mediates an electromag- 
netic coupling between the antenna 102 and the exter- 
nal antenna cable 104. The drawt^ack of this structure 
Is the pronounced dependency of the coupling charac- 

20 lerlstics on the mutual position of the antenna 102 and 
the resonator 1 06. Even a small change in the fastening 
position of the coupler 105 will dramatically change the 
coupling coefficient that describes the relative amount 
of electromagnetic energy transferred between the an- 

25 tenna and the resonator. In practice it is very difficult to 
align the coupler perfectly each time in a series of re- 
peated connecting and disconnecting. 
[0006] The European patent application with serial 
number 96660046.2 discloses a structure like that In 

30 Figs. 2a and 2b. Here again no superfluous connectors 
or switches are needed, because the radio frequency 
signal is coupled between the protruding antenna 201 
and the nearby resonator element 202 by electromag- 
netic coupling. A tuning element 203 and a ground con- 

35 nection 204 serve to enhance the quality of the connec- 
tion. The drawbacks of the solution ot Fig. 2 are that it 
is somewhat cumbersome in use and it requires the mo- 
bile telephone to have a protruding antenna. 
[0007] The object of the present Invention is to 

40 present an antenna coupler for coupling a radio tele- 
communication device to an external apparatus without 
the characteristic drawbacks of the prior art solutions. 
Especially it is an object of the invention to provide an 
antenna coupler that is easy to use and effective In the 

45 sense that a relatively small portion of the electromag- 
netic energy Involved is wasted into unwanted ly diffused 
radiation. A further object of the invention is to provide 
an antenna coupler with which It is easy to achieve an 
essentially Identical connection of good quality even in 

50 repeated occasions of coupling and decoupling. 

[0008] The objects of the invention are achieved by 
providing, for radio telecommunication devices with pla- 
nar integral antennae, an antenna coupler with at least 
one antenna element which is similar to an antenna el- 

55 ement in the radio telecommunication device. To further 
comply with the objects of the invention, the antenna 
coupler may be embedded into a holder for the radio 
telecommunication device. 
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[0009] The antenna coupler according to the inven- 
tion is characterised in that it comprises 

a second planar conductive antenna element which 
is essentially similar to a first planar conductive an- 
tenna element in the radio telecommunication de- 
vice, 

a first conductive ground plane parallel to said sec- 
ond planar conductive antenna etement and 
transmission means for conducting a radio frequen- 
cy signal between said second planar conductive 
antenna element and an external device. 

[0010] The invention applies equally to an arrange- 
ment for coupling a radio telecommunication device to 
an external apparatus. The arrangement according to 
the invention is characterised in that it comprises in an 
antenna coupler the above-mentioned features. 
[0011] A planar integral antenna is a relatively novel 
antenna structure for radio telecommunication devices, 
especially handportable nnobile telephones. It compris- 
es an essentially planar conductive antenna element 
with carefully designed outline and dimensions. There 
are one or several feedpoints for coupling the antenna 
element to the antenna port of a radio transceiver, and 
a ground plane somewhere in the close vicinity of the 
antenna element. According to the invention an essen- 
tially similar antenna elennent is provided in an antenna 
coupler Additionally the antenna coupler comprises a 
ground plane. The antenna element in the antenna cou- 
pled is further coupled to a coaxial cable or other signal 
conducting means for conducting a signal in the trans- 
mission direction to some external device and/or a sig- 
nal in the reception direction from some external device. 
Such an external device may be for example an external 
antenna belonging to a vehicle kit or a testing arrange- 
ment for measuring the performance of the radio tele- 
communication device during manufacture or service. 
[001 2] The dimensioning and mutual placement of the 
antenna element and the ground plane in the antenna 
coupler can be used in a way described in more detail 
below to tune the performance characteristics of the an- 
tenna coupler into some required direction. In a variation 
of the invention the radio telecommunication device 
comprises several differently sized planar integral an- 
tenna elements, In which case it is possible to use an 
antenna coupler with an equal number of equally sized 
planar antenna elements. The invention is not limiting 
in this aspect: for a radio telecommunication device with 
only one antenna element it is possible to use an anten- 
na coupler with several antenna elements, and vice ver- 
sa. 

[0013] The novel features which are considered as 
characteristic of the invention are set forth In particular 
in the appended Claims. The invention itself, however, 
both as to its construction and its method of operation, 
together with additional objects and advantages thereof, 
will be best understood from the following description of 



specific embodiments when read in connection with the 
accompanying drawings. 
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illustrates a first prior art antenna 
coupler. 



Figs. 2a and 2b illustrate a second prior art anten- 
na coupler, 



10 Fig. 3a 



Fig. 3b 
Fig. 4 

Fig. 5 

Fig- 6 

Figs. 7a and 7b 
Fig. 8 



is a schematic drawing of a mobile 
telephone with a planar integral 
antenna element, 

illustrates a detail of Fig. 3a, 

illustrates a first antenna coupler 
according to the invention, 

illustrates a second antenna cou- 
pler according to the invention, 

illustrates the mobile telephone of 
Fig. 3a attached to the antenna 
coupler of Fig. 5, 

visualize the relative positions of 
some conductive antenna ele- 
ments, and 

is a schematic view of an arrange- 
ment according to the invention. 



[0014] Figs. 1 and 2 were referred to in the description 
of prior art, so in the following we will mainly concentrate 
on Figs. 3a to 8. Like parts are designated with same 
reference designators. 

[0015] Fig. 3a illustrates a mobile telephone 301 with 
a keyboard 302. display 303, microphone 304 and loud- 
speaker 305 arranged on one side as is conventional in 
the technology of mobile telephones. The mobile tele- 
phone of Fig. 3a does not have a protruding helix or whip 
antenna like most previously known mobile telephones. 
Instead it comprises within its outer cover an essentially 
planar conductive antenna element 306, which is seen 
in more detail in Fig. 3b. Together with its feed point 307 
and a ground plane 308 the conductive antenna element 
306 constitutes a so-called PIFA or Planar Inverted F 
Antenna, which is a concept known as such in the field 
of antenna structures. It is typical of PIFA's that the di- 
mensioning and outline of the planar conductive anten- 
na element, together with the positioning of the feed 
point and the distance between the conductive antenna 
element and the ground plane are intimately connected 
to the electromagnetic characteristics of the antenna 
structure. By electromagnetic characteristics we mean 
factors like electrical length in relation to the wavelength 
on the operational frequency location of the resonance 
frequency or resonance frequencies on the frequency 
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axis, usable bandwidth around the resonance frequency 
or resonance Irequencies, impedance at the feed point 
and so on. For the present invention the actual shape 
and size of the conductive antenna element is not im- 
portant as long as it is known. 

[001 6] An optimal antenna for a handportable mobile 
telephone has basically an omnidirectional radiation 
pattern, i.e. it transmits and receives electromagnetic 
energy equally well In all directions. An exception to the 
optimal omnidirectionality is the direction from the an- 
tenna towards the body and head'of the user in the nor- 
mal operational position. Biological tissue absorbs elec- 
tromagnetic radiation causing unnecessary waste of 
electromagnetic energy, so the radiation pattern of an 
antenna in a handportable mobile telephone may have 
a fade in that direction. Consequently, and further taking 
into account the conventional flat design of a handport- 
able mobile telephone, It Is most common that the con- 
ductive antenna element 306 is located next to the outer 
cover of the telephone on the side which is most distant 
from the user's head in the normal operational position 
and the ground plane 308 lies parallelly to the conduc- 
tive antenna element so that during use It is located be- 
tween the conductive antenna element and the user's 
head. A layer of air or some other dielectric material sep- 
arates the ground plane from the conductive antenna 
element 

[0017] In Fig. 4 we see an antenna coupler 400 ac- 
cording to a first advantageous embodiment of the in- 
vention. It comprises a planar conductive antenna ele- 
ment 401 . which is essentially similar to the planar con- 
ductive antenna element 306 in the mobile telephone of 
Fig. 3a. Additionally the antenna coupler comprises a 
piece of dielectric material 402 for holding the conduc- 
tive antenna element 401 , and a first ground plane 403 
which is conductive, essentially continuous and essen- 
tially parallel to the conductive antenna element 401. 
The dielectric piece 402 separates the conductive an- 
tenna element 401 from the first ground plane 403. A 
separate dielectric piece is not necessary if the conduc- 
tive antenna element 401 can be kept in position in some 
other way, for example by a thin support frame circulat- 
ing the edge of the conductive antenna element. The 
inner conductor of a coaxial cable 404 Is connected to 
the conductive antenna element 401 at a feed point 405. 
The shield or outer conductor of the coaxial cable 404 
is connected to the first ground plane 403. The other 
end of the coaxial cable 404, which is not seen in Fig. 
4, may be connected for example to an external antenna 
or to a testing arrangement. The invention does not re- 
quire that a coaxial cable is used to couple the feed point 
405 to an external device. For example a testing ar- 
rangement may be built in immediate association with 
the antenna coupler of Fig. 4 so that the antenna coupler 
400 forms a part of the outer surface of the testing ar- 
rangement and the teed point 405 is connected to a 
component or a transmission line within the testing ar- 
rangement. 



[0018] The operation of the antenna coupler accord- 
ing to the invention may be enhanced by some addition- 
al parts. In Fig. 4 a second conductive ground plane 406 
appears at the lower end (with regard to the position 
shown in Fig. 4 only) of the first ground plane 403 and 
conductlvely connected thereto. The size, shape and 
function of the second ground plane are described in 
more detail below. Additionally the antenna coupler 400 
comprises attaching means 407 for creating a tempo- 
rary mechanical attachment between the antenna cou- 
pler and a mobile- telephone-that is to be connected _ 
thereto. The antenna coupler comprises usually some 
mechanical parts for providing support and design; 
these are not shown in Fig. 4 for the sake of graphical 
clarity. 

[0019] Fig, 5 illustrates a second embodiment of an 
antenna coupler according to the present invention. A 
comparison between Figs. 4 and 5 reveals that the only 
differences between the embodiments are the orienta- 
tion of the conductive antenna element 501 In Fig. 5 in 
relation to the conductive antenna element 401 In Fig. 
4, and the holes 502 and 503 that exist in the second 
ground plane 506 in the embodiment of Fig. 5. The sec- 
ond ground plane 406 of Fig. 4 is essentially continuous. 
[0020] Fig. 6 shows how the mobile telephone of Fig. 
3a will be temporarily attached to the antenna coupler 
of Fig. 5. In the attached position the back plane of the 
mobile telephone is essentially parallel with the second 
ground plane 506, and the planar direction of the first 
ground plane 403 (which is the same as the planar di- 
rection of the antenna element 501 in the antenna cou- 
pler) defines an angle a with the planar direction of the 
back plane of the mobile telephone. The attaching 
means 407 engage with corresponding counterparts 
601 in the mobile telephone. A common form of attach- 
ing means is a pair of movable, spring-loaded hooks in 
the antenna coupler and corresponding slots for the 
ends of the hooks in the mobile telephone. The invention 
is not sensitive to the kind of attaching means used. 
[0021] The naobile telephone seen in Figs. 3 and 6 has 
a flat, non-curved general outline. For devices with a 
curved outline it is naturally possible to design the. an- 
tenna copuler accordingly. For example the second 
ground plane may basically take any form whatsoever, 
it it helps to establish a good ground connection.. 
[0022] Figs. 7a and 7b illustrate the different mutual 
positioning of the planar conductive antenna element 
306 of the mobile telephone and the planar conductive 
antenna elements 401 or 501 when a mobile telephone 
is connected to the antenna coupler, depending on 
which of the embodiments seen in Figs. 4 and 5 Is used 
as the antenna coupler. Fig. 7a shows how the conduc- 
tive antenna elements 306 and 401 are codlrectional, i. 
e. they appear as two copies of a same body, one of 
which is tilted by an angle a around an imaginary axis 
701 which is horizontal in the position of Fig. 7a. In Fig. 
7b we see how the conductive antenna elements 306 
and 401 are in mirrored configuration, i.e. they appear 
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as two copies of a same body, one of which is mirrored 
about an imaginary centerline 702 which is vertical in 
the position of Fig. 7b and tilted by an angle a around 
an imaginary axis 701 which is perpendicular to said 
centerline and horizontal in the position of Fig. 7b. 
[0023] In an experiment it was found that the embod- 
iment of Figs. 5 and 7b has more favourable electro- 
magnetic characteristics than the embodiment of Figs. 
4 and 7a. Especially the usable bandwidth is wider and 
the frequency response throughout the usable bandwith 
is flatter which are both very advantageous features of 
an antenna coupler. 

[0024] The second ground plane that appears in both 
embodiments described above was found to improve 
the coupling coefficient that describes the relative 
amount of electromagnetic energy which is transferred 
from the antenna element of the mobile telephone to the 
antenna element of the antenna coupler or vice versa 
when the mobile telephone is connected to the antenna 
coupler like in Fig. 6. The reason for the improvement 
in the coupling coefficient is the better ground coupling 
between the mobile telephone and the antenna coupler 
Holes in the second ground plane do not essentially im- 
pair this effect, if there is in the mobile telephone a suf- 
ficiently large conductive and grounded part that coin- 
cides with the remaining intact parts of the second 
ground plane. Usually the ground plane on the PCB 
(Printed Circuit Board) of the mobile telephone fulfils this 
requirement. 

[0025] The materials of the antenna coupler are not 
critical to the invention, although their selection should 
obey some general guidelines. The conductive parts 
should be as good electrical conductors as possible, so 
a metal with good electrical conductivity like gold, silver 
or copper is a good choice. The relatively high price of 
these materials may lead to the use of some other met- 
als like aluminium, brass or nickel-plated steel in a com- 
mercial product. The ground planes may be realized on 
the surfaces of PCBs and they may be rigid or flexible. 
The dielectric piece that separates the antenna element 
from the ground plane should have as low losses on the 
operational frequency as possible. Suitable dielectric 
materials are some polymers like tetrafluorethylene 
(known by the registered trademark Teflon of DuPont), 
or the same ceramic materials that are used in dielectric 
radio frequency filters. The mechanical parts of the an- 
tenna coupler are most preferably made of some plastic 
material suitable for injection moulding, like polypropyl- 
ene or polyethylene. 

[0026] The dimensioning of the parts of the antenna 
coupler have a certain effect on both the electromagnet- 
ic characteristics of the antenna coupler and its applica- 
bility for different purposes. Typical applications for the 
antenna coupler according to the invention are test- 
benches to which a mobile telephone is temporarily at- 
tached during some stage of manufacture or service, 
and vehicle kits where the antenna coupler is an integral 
part of the holder which holds the mobile telephone. In 



the former kind of applications the physical size of the 
arrangement is not very important, but the electromag- 
netic characteristics are of paramount importance. On 
the contrary, in the latter kind of applications some elec- 

s tromagnetic characteristics may be sacrificed for the 
sake of small size and compact appearance. 
[0027] For the electromagnetic characteristics of the 
antenna coupler to be good, the ground planes should 
be at least as large as the mobile telephone that is to be 

10 connected to the antenna coupler. In Fig. 6 it is seen 
that the first ground plane is considerably wider in the 
horizontal direction with regard to the position in the 
drawing. It was found that the width of the first ground 
plane has a connection to the usable bandwidth of the 

IS antenna coupler: a narrower first ground plane corre- 
sponds to a narrower bandwidth and vice versa. The 
thickness of the dielectric piece, i.e. the separation be- 
tween the antenna element and the first ground plane 
also has an effect: increasing its thickness widens the 

20 usable bandwidth but weakens (lowers) the coupling co- 
efficient. 

[0028] The tilt angle a has a profound effect upon the 
electromagnetic characteristics of the antenna coupler 
In an ideal case the tilt angle causes there to be two 

25 resonance frequencies in the system composed of the 
antenna element of the mobile telephone and the an- 
tenna element of the antenna coupler, the two reso- 
nance frequencies being so close to each other that they 
appear in the frequency response of the antenna cou- 

30 pier arrangement as a single relatively wide band of us- 
able frequencies- In one experimental arrangement this 
ideal angle was found to be 37**. but the ideal angle de- 
pends on many factors in the overall dimensioning of 
the arrangement. 

35 [0029] The mutual alignment of the mobile telephone 
and the antenna coupler are also important with respect 
to the electromagnetic characteristics. Aligning move- 
ments may be discussed In three orthogonal directions, 
of which the first is the up/down direction and the second 

40 is the left/right direction, both with regard to the common 
upright operational position of a mobile telephone. The 
third direction is perpendicular against the two other di- 
rections, which means that in the third direction the mo- 
bile telephone and the antenna coupler may be brought 

45 closertoortakenfurtherfromeach other In the up/down 
direction, moving the antenna coupler upwards with re- 
gard to the mobile telephone generally reduces the us- 
able bandwidth but inreases the coupling coefficient, 
and moving the antenna coupler downwards respective- 

50 ly widens the usable bandwidth but decreases the cou- 
pling coefficient. Moving the antenna coupler sideways 
in either way from the perfect central alignment decreas- 
es both the bandwidth and the coupling coefficient. In 
the third direction it is advantageous to bring the anten- 

55 na coupler as close to the mobile telephone as possible, 
because the larger the distance, the narrower the band- 
width and the worse the coupling coefficient. 
[0030] Not only does the mutual alignment and the tilt- 
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ing angle of the antenna coupler affect the electromag- 
netic characteristics, but it is also important what kind 
of materials and In what kind of position are there be- 
tween the antenna element of the mobile telephone and 
' that of the antenna coupler. In an ideal case there should s 
be as little material between the antenna elements as 
possible, and the material should exhibit very low losses 
on the operational frequency, because otherwise the 
coupling coefficient decreases. In a typical situation 
there is at Jeast a part of the dielectric outer cover of the io 
mobile telephone, which should be~parallel to the ariten-' 
na element of the mobile telephone. Also other structur- 
al arrangements in the mobile telephone and/or the an- 
tenna coupler may necessitate the insertion of dielectric 
layers or bodies between the antenna elements. An an- is 
gle between such a layer of dielectric material and the 
antenna element of the mobile telephone tends to re- 
duce the usable bandwidth, although increasing the tilt 
angle of the antenna element of the antenna coupler 
more or less compensates for the reduction. 
[0031] It is clear to the person skilled in the art that for 
each practical application an optimal combination of 
ground plane sizes, antenna coupler tilt angle and mu- 
tual alignment of the mobile telephone and the antenna 
coupler is possible to find by just experimenting with the 2S 
different structural parameters. 

[0032] Above only one type of planar antenna ele- 
ment has been described. However, it is clear to the per- 
son skilled in the art that a large number of differently 
shaped planar antenna elements are available for ap- 30 
plication together with the idea of the present invention. 
For example the books "Handbook of Microstrip Anten- 
nas". J.R. James and P.S. Hall (Eds.). Vol. 1. Peter Per- 
egrinus Ltd, Lontoo 1989, and "Analysis, Design, and 
Measurement of Small and Low-Profile Antennas", K. 35 
Hirasawa and M. Haneishi, Artech House, Boston 1992 
describe a variety of previously known planar antenna 
elements. 

[0033] From the European patent application with se- 
rial number 98660065.8 there is known a planar anten- 40 
na element comprising two feed points and two strip 
branches for operating on more than one frequency 
band. Such antenna elements are well suited for use 
according to the present invention. It is also possible to 
have in the mobile telephone and the antenna coupler 45 
a number of separate antenna elements arranged in 
pairs so that for each antenna element in the mobile tel- 
ephone there is a corresponding antenna element in the 
antenna coupler, whereby for the purposes of location 
and alignment each pair of mutually corresponding an- 
tenna elements must be treated like the single pair of 
antenna elements described above. 
[0034] The invention does not restrict the position and 
width of the operational frequency band of the mobile 
telephone and the antenna coupler, although it is seen ss 
that especially advantageous are the frequency bands 
reserved for the use of cellular radio networks around 
900 MHz and 1800 - 2000 MHz. Similarly the invention 



is in no way limited to applications concerning mobile 
telephones, but other devices that come into question 
are pagers, cordless telephones, radio-operated posi- 
tioning devices. Personal Digital Assistant devices with 
radio-operated functions, portable data terminals for 
wireless local area networks, radio-controlled toys and 
models and their controller units and so on. 
[0035] Fig. 8. illustrates an arrangement according to 
an advantageous embodiment of the invention. A mo- 
bile telephone 301 is coupled to a testing processor unit 
801 through an antenna coupler 802, which in this em- 
bodiment is similar to that in Fig. 5. During the test the 
outer cover of the mobile telephone is open from the side 
which is against the antenna coupler so that the printed 
circuit board containing the electronics of the mobile tel- 
ephone is accessible. The hole(s) in the second ground 
plane are used tor placing a (number of) test connector 
(s) in touch with suitable contact point(s) and/or recep- 
tacle(s) on the mobile telephone's printed circuit board. 
These test connectors are used to provide the mobile 
telephone with a suitable operating voltage through a 
cable 803 during the test They can also transmit one- 
or two-way test data between the testing processor unit 

801 and the mobile telephone 301 under test. The radio 
frequency connection 804 couples the testing processor 
unit 801 to the antenna element of the antenna coupler 

802 for transmitting one- or two-way test signals on radio 
frequency. 

[0036] At least in a testbench application it is possible 
to make the angle between the antenna elements ad- 
justable. In such case it is possible to tune the antenna 
coupler to achieve some required characteristics, e.g. a 
certain bandwidth. 

[0037] The coupling coefficient achieved between the 
antenna element of the mobile telephone and that of the 
antenna coupler In an experimental arrangement like 
Fig. 8 was between -1.6 dB and -1.9 dB, which is con- 
siderably better than with most prior art solutions. 



Claims 

1 . Antenna coupler (400, 500, 802) for coupling a radio 
telecommunication device (301) with an integral 
planar antenna to an external device (801 ), wherein 
the integral planar antenna of the radio telecommu- 
nication device comprises a first planar conductive 
antenna element (306), characterised in that the 
antenna coupler comprises 

a second planar conductive antenna element 
(401 , 501 ) which is essentially similar to the first 
planar conductive antenna element, 
a first conductive ground plane (403) parallel to 
said second planar conductive antenna ele- 
ment and 

transmission means (404, 804) for conducting 
a radio frequency signal between said second 
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planar conductive antenna element and the ex- 
ternal device. 

2. An antenna coupler according to clainri 1 , charac- 
terised In that is further connprises a piece of die- 
lectric material (402) between said second planar 
conductive antenna element and said first conduc- 
tive ground plane tor keeping these together at a 
predetermined mutual distance. 

3. An antenna coupler according to claim 1, charac- 
terised In that said transmission means is a coaxial 
cable (404), the Inner conductor of which is coupled 
to said second planar conductive antenna element 
at a certain feed point (405) and the outer conductor 
of which is coupled to said first conductive ground 
plane. 

4. An antenna coupler according to claim 1 , charac- 
terised in that it further comprises a second con- 
ductive ground plane (406. 506) attached to one 
edge of said first conductive ground plane (403). 

5. An antenna coupler according to claim 1, charac- 
terised in that it further comprises attaching means 
(407) for temporarily and removably attaching a ra- 
dio telecommunication device to the antenna cou- 
pler 

6. An antenna coupler according to claim 1 , charac- 
terised in that It is simultaneously a vehicle kit hold- 
er for the radio telecommunication device. 

7. An antenna coupler according to claim 1 , charac- 
terised in that it is simultaneously a testbench for 
holding the telecommunication device during a per- 
formance measurement. 

8. Arrangement for coupling a radio telecommunica- 
tion device (301) to an external device (801), com- 
prising 

a radio telecommunication device (301 ) with an 
integral planar antenna, wherein the integral 
planar antenna of the radio telecommunication 
device comprises a first planar conductive an- 
tenna element (306), 
an external device (801 ) and 
an antenna coupler (400, 500. 802) for coupling 
radio frequency signals between the radio tel- 
ecommunication device and the external de- 
vice, 

characterised in that It comprises in the antenna 
coupler 

a second planar conductive antenna element 
(401, 501) which is essentially similar to the first 



planar conductive antenna element, 
a first conductive ground plane (403) parallel to 
said second planar conductive antenna ele- 
ment and 

s - transmission means (404. 804) for conducting 
a radio frequency signal between said second 
planar conductive antenna element and the ex- 
ternal device. 

10 9. An arrangement according to claim 8, character- 
ised in that the antenna coupler comprises means 
(407) for temporarily and removably attaching a ra- 
dio telecommunication device to the antenna cou- 
pler in an attachment position in which the planes 

IS of the first planar conductive antenna element and 
the second planar conductive antenna element de- 
fine an angle (a) that is greater than zero. 

10. An arrangement according to claim 9, character- 
20 ised in that said angle is essentially 37**. 

11. An arrangement according to claim 9, character- 
ised in that said angle Is adjustable. 

25 12. An arrangement according to claim 9, character- 
ised in that the antenna coupler further comprises 
a second conductive ground plane (405. 506) 
whose direction In said attachment position follows 
the outline of the radio telecommunication device. 

30 

13. An arrangement according to claim 12, character- 
ised in that the second conductive ground plane 
comprises holes (502. 503) for conducting a cable 
between the radio telecommunication device and 

35 the external device when the radio telecommunica- 
tion device is in said attachment position. 

14. An arrangement according to claim 9, character- 
ised in that with regard to the first planar conduc- 

40 tive antenna element, in said attachment position 
the second planar conductive antenna element Is 
mirrored about an imaginary centerline (702) of the 
first planar conductive antenna element and tilted 
by an angle a around an imaginary axis (701 ) which 

45 is perpendicular to said centerline. 

15. An arrangement according to claim 14, character- 
ised in that the first conductive ground plane (403) 
reaches significantly further in the direction of said 

50 imaginary axis (701 ) than said radio telecommuni- 
cation device. 

16. An arrangement according to claim 8, character- 
ised in that said external device is an external an- 

55 tenna. 

17. An arrangement according to claim 8, character- 
ised in that said external device is a testing unit 
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(801) for measuring the performance of the radio 
telecommunication device. 

18. An arrangement according to claim 8. character- 
ised in that said radio telecommunication device is 5 
a mobile telephone. 
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